INTRODUCTION 4 7
Epidemics of dengue, chikungunya, and Zika are spreading explosively through the 4 8
Americas creating a public health crisis that places an estimated 3.9 billion people living within 4 9
1 7 2
where m represents vector density, a is the daily probability of a human host being fed on by a 1 7 3 vector, EIR is the extrinsic incubation rate of a pathogen, µ is the daily probability of adult 1 7 4 mosquito mortality, b*c is vector competence, and EIR is the extrinsic incubation rate of a 1 7 5
pathogen. The density of mosquitoes (m) was estimated with the following equation (3): From our semi-field experiment, we can directly estimate the number of eggs laid per emergence curves, respectively. To estimate the parameters in vectorial capacity that we did not 1 8 8
directly measure in our semi-field experiment (a, b, c, EIR, and µ) as a function of mean daily (4) use to explain asymmetric, non-linear relationships,
1 9 2 or the quadratic equation (5) used to explain symmetric relationships, with T o as the daily minimum temperature, T m as the daily maximum temperature, and c as a fit 1 9 5
parameter with values for these parameters taken from Mordecai et al. 2016 (under review) 35 . In order to estimate potential effects of variation in diurnal temperature ranges 1 9 7 across our sites with land use and season on these parameters, we used rate summation 34 (6) 1 9 8 defined as
2 0 0 where a given trait (x) is defined as a rate (r) that adjusts instantaneously to temperature (T), 2 0 1 which in turn is a function of time (t). We found that the larval microclimate mosquitoes experienced significantly varied with 2 0 5 time of season and with land use (Table 1, Figure 2 ). We did not observe any significant 2 0 6 interactions between seasonal block and land use, suggesting that the effects of land use on 2 0 7 mosquito microclimate were consistent across the summer and fall experiments. Due to larval 2 0 8
data logger failure, we were unable to track daily water temperatures across a total of six pots 2 0 9 (n=48 pots) in the summer and one pot (n=53) in the fall; however, as the failure was equally 2 1 0 distributed across treatments, we do not believe this significantly affected our results. Urban sites were on average warmer than rural sites ( Figure 2 ). Urban sites were 2 2 2 characterized by higher daily mean temperatures (urban vs. rural, p = 0.0234; urban vs. 0.0001, rural vs. suburban, N.S.) and minimum relative humidity (urban vs. suburban, p = 2 3 0 0.0023; urban vs. rural, p = 0.0007). Finally, urban sites experienced on average wider 2 3 1 fluctuations in diurnal temperature (urban: 8.5 o C; suburban: 7.9 o C; rural: 8.0 o C) and relative 2 3 2 humidity (urban: 36.1%; suburban: 33.2%; rural: 32.7%) ranges than suburban (p = 0.0088) and 2 3 3 rural sites (p = 0.045).
3 4
While the daily climate data collected by the local weather station do track the daily 2 3 5 variation in temperature and relative humidity recorded by data loggers (Figure 2 ), the local 2 3 6 weather station did not accurately predict daily mean, minimum, maximum, and diurnal ranges 2 3 7 of temperature and relative humidity across each land use ( Figure 3 ). Further, the ability of the (-1.3% -1.2%), the local weather station in the fall marginally over estimates the relative diurnal 2 5 0 humidity range (3.7% -7.8%) in urban, suburban, and rural sites ( Figure 3 ). Overall, larval survival and the number of adult mosquitoes emerging were much higher 2 5 3 in the fall than in the summer (Figure 4 ). Of approximately 1,620 first instar Ae. albopictus 2 5 4 placed into the field during each experiment, we had a total of 318 females and 387 males 2 5 5 successfully emerge during the summer replicate and 569 females and 623 males emerge during 2 5 6 the fall replicate. Additionally, adults began to emerge at an earlier date in the summer (day 7) 2 5 7 than in the fall (day 11). We found significant effects of land use on the likelihood of mosquito 2 5 8 emergence in both the summer and fall, with a 44% and 47% decrease in the likelihood of 2 5 9 mosquito emergence on urban sites relative to suburban and rural sites (which had similar 2 6 0 likelihoods of mosquito emergence) in the summer, respectively ( decrease with every 1% increase in daily maximum humidity (Table 2) . Together, these results 2 6 8
suggest that higher temperatures on urban sites may decrease the likelihood of mosquito 2 6 9 emergence through increased larval mortality, and that temperature variation throughout the day 2 7 0 has qualitatively different effects on mosquito development and emergence in the summer than 2 7 1 the fall. We found significant effects of sex, season, and land use on the size of emerging adult 2 7 4 mosquitoes (Table 3, Figure 5 ). Overall, female mosquitoes were larger than male mosquitoes 2 7 5 (females: 3.21 mm; males: 2.71 mm). Mosquitoes emerging in the summer were significantly 2 7 6 smaller than those emerging in the fall (summer: 2.77 mm; fall: 3.15 mm), and mosquitoes 2 7 7
developing on urban sites emerged as smaller adults (urban: 2.91 mm; suburban: 2.96 mm; rural:
3.01 mm) relative to rural sites (urban vs. rural, p = 0.0047; urban vs. suburban, N.S.; suburban 2 7 9 vs. rural, N.S.). Interestingly, there were significant interactions between seasonal block and Integrating the daily emergence and wing size data into equation (1), we identified 2 8 9 significant effects of seasonal block and land use on mosquito per capita population growth rates 2 9 0 (r, Table 4, Figure 5 ). Overall, the mosquito per capita growth rate was approximately two times 2 9 1 higher in the fall (0.157) than the summer (0.090). Further, the mosquito per capita growth rate 2 9 2 was on average significantly lower on urban sites (urban vs. suburban; 0.0269; urban vs. rural, 2 9 3 N.S.; suburban vs. rural, N.S.). We found mosquito transmission potential to vector dengue to vary across the summer 2 9 6 season and with land use ( Figure 5 ). Transmission potential was higher overall in the summer 2 9 7
relative to the fall season. Interestingly, the effects of land use on mosquito transmission 2 9 8 potential varied depending on time of season. The model predicts that during the hot summer, 2 9 9
Ae. albopictus on rural sites have the highest transmission potential relative to suburban and 3 0 0 urban sites. In contrast, in the cooler fall, mosquitoes on urban sites were predicted to have the 3 0 1 highest transmission potential ( Figure 5 ). Together these results demonstrate fine-scale variation 3 0 2 in transmission potential can occur across an urban landscape, and seasonal shifts in To date, the majority of studies investigating the effects of urbanization on mosquito 3 0 7 population dynamics and disease transmission have been sampling or modeling studies 3 0 8
investigating how the distribution and abundance, feeding preferences, and incidence of diseases were subtle, suggesting that these effects could in fact be much larger in bigger cities. Larger Despite the subtle effects of land use on mosquito microclimate, we still observed summer and fall on urban sites. survival (biotic activity in larval environments, exposure to insecticides, etc.) 102,103 on these sites.
3 5 8
Relative humidity was also important for the probability of adult emergence across these sites, Variation in daily temperature and relative humidity, as well as the observed variation in Culex, Aedes) 1, 2, 7, 10, 12, 43, 100, 101, 104, 105 . Modeling studies have linked increased precipitation and 3 7 2 relative humidity to increased disease incidence (e.g. dengue and malaria) 106-110 , likely through compound the effects of temperature and relative humidity variation on these traits. The To explore how the effects of variation in daily temperature and diurnal temperature 3 8 2 range could impact arbovirus transmission, we used a temperature dependent vectorial capacity pathogen parameters and the effects of environmental variation on these parameters 1,43,118 . Interestingly, relative vectorial capacity was lower in the fall relative to the summer despite the 3 8 9
fact that per capita mosquito population growth rates were predicted to be higher in the fall due 3 9 0 to increased mosquito survival in the larval environment and larger body sizes. This is likely due 3 9 1
to the negative effect of cooler temperatures on mosquito biting rate, the extrinsic incubation 3 9 2 period of dengue, and the probabilities of transmission 35 . We also found arbovirus transmission 3 9 3 potential to vary with land use, and the effects of land use on vectorial capacity depended on resting habitat, access to hosts, and insecticide application with land use will also likely influence 4 0 5 mosquito population dynamics, densities, and transmission potential 69, [119] [120] [121] [122] Appl. 63, 265-271 (1992) . Parazitol. Parazit. Bolezni, 3-7 (1990) . Insect Physiol. 67, 37-44 (2014) . 40-44, 55 (2006) . Trop. Med. Int. Health 8, 650-659 (2003) . mosquito, a vector of viral pathogens, from global climate simulation. Vol. 370 (2015) . Parasit. Vectors 7, 532, doi:10.1186/s13071-014-0532-4 (2014). Implications for public health practitioners. warming on the potential for local environments to support malaria transmission. Clim.
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